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(57) Abstract 

An pptical device for optically scanning ah information plane (3) is described, which device comprises a radiation source (6) for 
supplying a scahnihg beam.07), and an objective system (10) for focusing the scanning beam to a scanning spot (18) on.the inforrnaiion 
plane. The temperature dependence of the objective system can be compensated by a compensator which is arranged between the radiation 
source and the objective system and comprises a planoconvex first element (41) and a planoconcave second element' (42), the convex surface 
of the first element being arranged against the concave surface of the second element, arid the refractive indices of the first and the second 
element being equal at the design temperature but having a different temperature, dependence. 
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Optical scanning device and optical apparatus' for reading and/or writing information in an 
information plane provided with such a device 

bescription 

The invention relates to an optical device for optically scanning an 
information plane, cornprising a radiation soWce for 'supplying a scanning beain/ arid aii 
objective system for focusing the jscaiming^^l^^ irifofmatidii plane. 

tiie inventi(3n also relaTes to an appafatos for reading and/or writing an 
5 optical record ciarrier provided witli sucti a scanning devic . ■ i . . , i. 

The information plane may be the plane of an' optical febofd carrier in the 
form of a disc or a tape in which the optically readaW^ ihfonriatidnls'present bf^m^ 
10 stored. Such a record carrier is, for example, the kiibwii compact disc (CD) fbr audio or 
CD-ROM for data of a r'ecdfd carrier derived therefrom, "sucK as the DvbV'The information 
plane may also be Uie surface of ario&er object wliich^ca^^ exainple, with a 

scanning microscope. ^ ^ ' : 

TSiotably for optical record caff iers, there is an ihcf easing need of a' 

1 5 scanning device wi£h which^ increasingly sfnallef details can still be read distinctly because 

K 'T* Azi'-':^ . ■.■^^■:r;:i^ '=w.:^i"r,;:r^'< V:. ^ w '.v '^t.-f;^1 -'.^ ■ 'y-^ . 

one wants to store an increasing quantity of "information oh the record carrier. The quantity 

of information which can be stored on an optical record carrier depends, inter alia, on the 

size of the scanning spot which is formed by the scanning'device on the info of 

the record carrier. As the scanhiiig spm the inTormatibn density m 

20 The size of the scanning spot may be reduced by increasing the numerical iapertiife tNA) of 
the beam with which the scanriing'sp^^^ is forniedr' 

An attractive possibility of ihcfeiasiiig the NA without the costs for the 
objective sy^^^^ becoming f bo high, and the im^age^field bec^ small, and without 

causing the problems due to the dispersion of the material from which the lens is formed, is 

25 to arrange a planoconvex lens between the actual objective lens and the record carrier. This 
planoconvex lens, also referred to as solid immersion lens or slider lens, may be situated at a 
very small distance frorfi tHe record cafrier, but^allb^at^'a slightly lafg^ for 
example, 300 ^m. The converging function of the objective system is then distributled across 
the actual objective lens and the planoconvex lens. An advantage of the use of the 
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planpcpnvex lens is that this lens introduces hardly any aberrations in the radiation beam. 



A scanning device provided with such a planoconvex lens is known from 
5 EP-A 0 727 777. This device comprises an optical scanning head with an objective lens and 
a planoconvex , lens which converge .a radiation beam to a numerical aperture of 0.84 for 
scamiing a record came^^^ The.plan^^ lens may be arranged in a slider which is in, 

sliding contact wit^ an aircushion. 

. The objective system is sensitive to changes of the refractive index or the 
10 temperature. The tolerances for these changes m^ by using separate drivers 

(actuators) for the objective lens in the planoconvex lens so that these elements cannot only 
be moved with respect to the record carrier but also with respect to each other. The separate 
: drivers coinp^cate the spai^^ it more sensitive to disturbances and make it 

more expensiye, which disadvantages, particularly for consumer uses. It is 

15 therefore preferred to use a rigid objective system, i.e. a system in which the objective lens 
,aiid the planoconvex Jens are fixed with respect to each other. The elements of the objective 
^ system ^^re pr^fer^bly synthetic material Ipnses. A replica 

lens is a lens consisting of a basic shape of glass on one or two refracting surface(s) on 
which a layer of transparent synthetic material is provided. The surface of the synthetic 
20 material layer may e^^^^ given an aspherical shape by means of a mold and a replica 
techiiique. The glass basic shape with the layer of synthetic material, which is in a 
sufficiently weak sme, . is pressed mold which comprises the negative of the desired 

. shape and is subseq^ a lens element which consists completely of a 

synthetic material^can pasny be given one or two aspherical surface(s), for example, by 
25 means of molding. 

However, a glass-replica lens has the dr^^^ that the refractive index 
. chariges due to temperature fluctiiations in the desjred wide temperature range of, for 
ex$inpIe. -5?C to +50°C a^^^ too jarge so that the required quality of the scanning spot can 
no longer be achieved. 

30 , ^ " , . ' ' ^" ' \ ' ^ 

It is an object of the invention to provide a scanning device of the type 
described in the opening paragraph, comprising a rigid objective system in which the 
influence of temperamre changes on the optical behavior is substantially eliminated. To this 
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end, the device according to the invention is' characterized in that a temperature compensator 
comprising a cemented doublet of a planoconvex first element and a planoconcave second 
element is arranged between the radiation source and the objective system, the convex 
surface of the first element bleing ai^ahiged a'gdinst A the second element, 

5 aiid the irefractive ihciices of the first" and' the' secbhid 'element being substantially equal at the 
design temperature but havitig a 'differe^^ ' ' " 

' ' TTie invention is ba'sfed 13^^ 
bf the objective systiem cain be cdmpensated by aiftiarigihg an extra elenibiit, the; temperatiire 
comperisator, in the path 6f tile radiatibti beam;' 
10 strrajgth" ait' that t 

values on which the design of the system was based, referred to as ttie design' temp&^ in 
this d^sbripiioii, but acquires such ah optical strerigth at ai xhahge' bf the temperamre that the 
spherical atferratidn produced at said temperature change' in the objective' systerri can be 
compensated. Since the compensator cbnsisting'of two elements has a flat entrafice iand exit 

15 surface and the refractive -indices of these elements are equal' at the design temperature, this 
cbmpehsator 'has rid optical strerigi^ at the design temperamre. Since the interfaci^ between 
the two elements in the compensator has a curvature and^ a'differerit 
temperature dependence dn/dT^ the compel ah optical istrength at a temperature 

which is different froni the d : * - : 

20 For example, if the objectivje systeni" is designed 'fo^^ 

riadiation beam on the infoirhatidh plane bf the record carrier, the beam entering the 
compensator will bt a parallel bbahi ahcl,' at the design temperature, " the beam exiting from 
the compehsatdr will ilso be a parallel team. At a different temperature, however, the beam 
isixiting froni the compensator will be slightly diver^ converging, dependent on the 

25 change in the objective system cauised iit that temperature. 

It isUdbe noted that US-A 4;^^^^ 
a disc-shaped optical record carrier which tbnsists of a cemented doublet on the object side 
and a single lens element or a combination of a positive and a negative lens element on the 
image side. Conditions are given for the "Abfe^^ of the lens elements and for the 

30 temperature dependence of the refractive iiidices'^of these elements in order that the lens 
system is independent of wavelength and tempefature. As regards the temperamre 
compensation; it is stated that the change, bcturrihg at a temperamre change, of the radii of 
curvamre of the lens surfaces is compensated by a change of the axial thickhe'ss of the lens 
elements. It is further stated that the lens holdier'may undergo a considerable change at a 



t>> PCT/EP99/05518 

; tempei-ature change so that the'-position of the jfoeus, changes, and that a choice has been 
wade tQ, cl?ange..th,e ^efr^cti^^e , indices at lem^prature in such a way that there is 

^°}'i^^^?^si5,e:d change in th^;jPP.suk)n.,of the fpcui?. ;,Tl^e,refr^ of 
■'x.^iv^. #yt»let are,, hQweyer;,^ d^^^ at least one, and in most 

5 . ■ ?ipJ?9«?,i™eii;s twQ,;.cur>rf not satisfy the^.cpn^^^^ that it 

should not have an optical strcngth. at the 

5, ,pf .^ synthetic material, >vitii the,in;aterial fpr one eminent bpin| pf course different than that 
;r > 5 fl^B^P^ These then sati^fy two, criteria: maximally 

'0 > refractive indices, at the, 5ip?;gn lemper^^ different, temperature dependence of. , 

; , .-the refractiye^indic^^ , ;„. 

i I : : - , r - A P^ef^Ti^ed embo^imjent of the di^yice is , . ho\yeyer, further, characterized 

j^ ^at^one pf the .el,^ment^ of the cpmprasato glass and the other element 

, : , consists , of a, 

: .^f f^fraptiy^^^ 

4eP^^^'^9P5Pr 9"^yci!h^^,Rriteripnjhat the f efractiye^ index of the synihetic material must be 

wavelength of 650 nm, this preferred embodiment is further characterized in that the glass is 
20 ; >BAK4 ( a;?d ,s^i<l synthe^^^ 

: / . M s^'d v/ayelengA, the refractiye inde^ of the glassjs then 1.566 and that 

of the synthetic, material is 1..565, i.e. substantially equal to that of the glass. 
; : ^ T^? measure according t 

devices, bi?t may be particularly used, to great .advantage , in a, scanning device >vhich is further 
25 characterized in that the objective .systexn, cpmprisqs..,a^^^^^ lens and a planoconvex 

, lens, the objective l^ns being sima^^^^^ lens being 

.situated pn the im^ge .sid^. thp convex. syr,% lens , facing .the objective 

.■i.Iens. , ' 

As already noted, a large ,nurnerical aperture can be realized in a 
30 relatively simple manner with such an objective system. Panicularly for optical devices 
having a large numerical aperture, for which strict requirements are imposed on the optical 
quality of the elements of the device and of the device as a whole, the measure according to 
the invention fulfills a great need. 

The objective system of the scanning device may also be sensitive to 
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wavelength changes because the material of the elements of this system has differeint 
refractive indices for different wavielengths; in other words, it shows dispersion. Particularly 
in a scanning device with which irifoirnatibh'niust be both written and read and in which the 
intensity of the radiation source, in the form of a diode laser, must be switched between a 
5 reading level and a considerably higher writing level, this may yield problems because an 
offset of several nms of the emitted wavelength may occur when switching the diode laser. 
Due to the dispersion of the iriaterial^ of tlie objective system, the focus of the radiation 
beam may get beyond the informatioh'plarie of the* record carrier at stich a wavelength offset. 
Ah embodiment of the scahnih^^ 

10 wavelength changes is further characterized in that the elements of the compensator have 
different 'Abbe numbers* 

The Abbe number of an optical material is a measure of the dispersion of 
the material and indicates the extent of change of the refractive index of the material at a 
wavelength change of the beam passing through ihe material. The materials of the elements 

15 of the cdmpehsator how have as miich ^s possible the same refractive index for the design 
wavelength so that the compensator does ndt have an optical strength fbf'a beam of thiat 
wavelength. At a wiaveleiigth chaiigfe, the refractive indices df the compensator elements 
change to a different extent so that tlxc cufV^d interface: between'these elements will act as a 
converging or a ciivergirig element. 'Consequently, the beam Exiting froiri the cdmyehsator 

20 acquires a smalL convergence or divergence' with respiect to the' entering beam, with which 
convergence or divergence the variation 'of the dpticirbehavidr of thfe oSj emotive system due 
to said wavelength change can be corhpensated. ' ' 

The device is ft rther prefef^^ 
arrariged between the radiaf ion source and the compensator. 

25 " ' The collimator lens, which'may consist of one or iiiore lens teleme^^^ 

converts the diverging beam supplied by the source into a pa'rallerbbam. As^a resuVt, 
design of'the objective system will be 'sim system whicH tnust 

fecus a diverging beam on the i^^^ . / 

The inveriiibn ai^o relates to an ap^ reading and/or writing 

30 information in an information plane of an optical record carrier. This apparatus, which 
comprises aii optical device for forming a scanning spot on the information plane, a ' 
radiation-sensitive detection system fbi* converting radiation from the iriforinatidn plane into 
electric signals, and means for movihjg the scanning spot and the information plane with 
respect id each other, is charabierized in that the optical device is a device as described 
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hereinl)ieforev . . ' . . ' 

: I i :T : ci:^!?r;?spppts of tfac myentipn §16 apparent from and will be 

elueidate^ with refei;e^ce to -the.embQdim^nts described hereinafter. 



, ^::[:y:::. - ^ . In, the drawings:,.^ ^, 

; . : ■ :^;u lo ^ SfS- ; 1 stoAys a pja^ embodiment, qf an. ppiical appsuratus for reading 
rand/pr ^^f^iting an qptic^ record carri scanning- device; 

, V Rgr,2.3hows,^a^ 
10- de;yiGe,,-^d.,.. ..^..^ ■ 

Fig, 3 shows an embodiment of the scanning device with a temperature 
compensator. . ; 

^ ■ . 4 shpws a part of a rpun^ record carrier 1 in a 

15 radiaj cross-section. Jliis a transparent layer 2, one side of which is 

provided \vith a^ information laj^q^ 3, Tlie side of the information layer 3 remote from the 
transparent l^yer 2 may, be protected from ambient influences by a pro^^^^ layer 4. The 
. ^^^5^9f;l*^:i^^?^P^rem device, is referred to as, ^e entrance plane 

T^??^ff2L|isparent la^ subsftrate of the record carrier and forms; a mechanical 

20 . support for the. m for the transparent layer 2 to 

serye.pnJy .as.afprpteptipn fo^ layer, while the mechanical support is provided 

by a layer on the other side of the information layer, for example by the protective layer 4 or 

a fiLiT^^ the information layer 3. 

The information layer 3 of the , record qamer rnay^ b^^^ with information in the form 

25 /Of ppticajly detectable ar^^ in siibstp^tially parallel, concentric or spiral- , 

shaped,, trapk:^,wh 1 |)Ut are pje^^ the plane of the 

, if^^^^^ftS .^^4^^: gross-section shp wn. The ^rf as^ may ^ ha>|e any pptically^dete;ctable shape and 
may be, for example pits or areas whose reflectipn coeffi^^ direction of magnetization 

^Si different from that of their^aTnbience,^or a combination of these shapes. 

The scanning device comprises a radiation source 6, for example a 
semiconductor laser emitting a diverging radiaiion beam 7. This beam is reflected towards a 
lens system by a beam splitter 8, for .example a semi-transparent mirror. This system 
comprises a collimator lens 9 and an .objective systiem 10 which is composed of an objective 
lens 12 and a planoconvex lens 13,_ The lenses 12 and 13. are accommodated in an objective 
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holder 11. The collimator leiis 9 converts the diverging beam 7 iiito a coUiiinated beam 14. 
the objective lens 12, which bias an optical axis' 15, converts the coUimated beam 14 into a 
converging beam 16 which is incideiit on the lens 13. This lens chtoges the incident beam 16 
into a converging beam 17 whose focus 18 i^ situated dn the information layer'3. TheN 

5 planoconvex lens 13 has a convex surf^te arid ^ a flat surface. The'flat surface faces the record 
carrier 1 airid is separated therefrom by Aeaiis of a gap'19: The objective leiis is shown in 
the Figure by means of a single lens'elerheht but may alternatively comprise a plurality of 
lens elements, as well as a hologram whicH operates in transmission or reflectidn:"The 
collimator leni may also cornprise a plurality b'f lens elements. ' 

10 By using tie' cdiliriiatofl^^ 

radiation source, arid the image, the scarming spot 18 are conjugated at infinity aiid the 
objective system receives a parallei beaixi. Alternatively, the collimator lens may be dmitted 
so that a diverging beam is incident in the objective system and a conjugation of object and 
image at infinity must take place. Since the objective-system must then converge a diverging 

15 beam, the design of this system is more difficult than in the case where ia colliriiator lens is 
usied. 

During writing or reading information, the record carrier is Totated via a 
shaft 28 driveri by a rnbtor 27; by which' ari^ iriforrnatiori track is scanned by the scanning 
spot 18. By moving the scanning spot and the' record carrier with respect to each other in a 

20 direction perpendicular to the plane of the drawing iri^Fig; 1 , all cbriceritric tracksv or the ■ - 
entire spiral tirack, can be scanned. The last-meritioned movemerit can be realized by 
arranging the scarinirig device or a part thereof, inter alia, at least the objective system, on a 
slide 'wiiich is ririovable in said direction. When information is being read, the radiatiori of the 
converging beam 17 reflected by the information layer 3 is mbdiilated with the information 

25 'which is stored in be successive information areas. This reflected radiation forms a reflected 
beairi 20 which returns along thb path of the on-goitig converging beani 14.' The objective 
system 10 and the collimator lens 9 convert the reflected and modulated beam into a 
converging' reinebted b^^ the'beam splitter 8 passes a pairt of the beam 21 to a 

radiation-sensiiive detection* system 22. The detection system Teceives die radiatiori^ff 6m the 

30 beam and converts it into orie br more electric^ signal^ . 'One of these signals is an information 
signal 23 which represents the irifofmatiori read ^froiri the infonriati plane. Another signal is 
a focus ei'ror signal 24 which is representative of a' possible axial deviation of the focus 18 
with respect to the informati&n plane 3. This focus error signal; which c^^ be generated in 
various known manners, is lised as an input signal for a focus control circuit 25 which drives 
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an .axial iacnjator (not^ pbjectiye system in. such a way that the .axial position of 

the :foGus- 18 coincides wiUi the, plane . of the information layer 3. Another signal which is 
supplied by the de;tection system ; 22 is a tracking ei^or; signal which is representative of a 
possible deyiation betweeii the center of the scanning spot , and the centerline of the 
6. instantaneously read rinfpnn This signal, which can also be generated in various 

iknoNvn maimers,, is used.^ radial control circuit (not. shown) which 

. drives a ^^radial acm^^ the center pf ±e scanning spot 18 coincides with 

the centerline; of the track ^^w^^^ 

When infoimatipn -is being \yritten in the information layer, the beam 
10 from the sppi;ce js npqdulated wift^^ the information signal tp be written. This modulation can 
be realized wiA a sepao-ate. modulator, in the path of this beam, for example an acousto- 
optical modulatpr,, which is contrplled by the information signal to be written, or by direct 
control )pf ttie source with the information signal to be written. Also when information is 
being written^ the detection syst can supply a focus error signal and a tracking error 

15 signaL The information signal re laj^er then comprises information 

about data which have been previously provided on the record carrier, such as addresses used 
r for writing the ^a 

,Fig. 2 shows an enlar^ 
V radiation thrpugh^ t^^^ system. The pbjective.lens may be a planoconvex lens with an 
20 v aspherieal surface but is preferably a lens with an aspherical convex surface 31 and zn 

asphericaL concave surface 32, as is shown in Fig. 1. The pbjectiye lens may be designed in 
known nriaimer in siich a way that the spherical aberrations introduced by the planoconvex 
vlens43 and the t^ layer 2 can be compensated thereby, so that the scanning beam 

. 17; proxirnate ta the focus, or scanning spot, 18 is essentially free from spherical aberration. 
25 The, convex surfape 34, of the lens 13, is preferably also aspherical. The aberration correction 
: - can then be ensured by a plurality of lens surfaces ^sp that a better and simpler cprrectipn is 
possible. . T.. 

: : 7^,? replica process 4s . prefe^^ us^d for fonning aspherical surfaces 
such as the surfaces 31, 32 or 34. The process stam from a element as a preform 

30, and a layer of transparent synthetic material such as a curable polymer is provided in a 

sufficiently soft state on one or both refractive surfaces of said element. The outer surface of 
such a layer is given the desired shape by pressing a mold against it, whose inner surface is 
a negative of the desired surface. Subsequently, the synthetic material layer is cured, 
whereafter the lens element is released from the mold or molds. The synthetic material may 
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be the material manufactured under the name of Diacryl by the firm of Akzo, with the 
product description: Di-ethoxylated Bisphenol Diniethacrylate and the Chemical Abstract 
no.: CAS no. 2448-20-2. This ihateriai can be: cured -with UV radiation. 
Also a lens element wHich' is'cb^^^^ 
5 means of, for example, an injectidh moidihg'process;^ n^^^ with one or two^ 

aspherical surfaces in a relatively simple wayj in the^pirbeess of injection molding the lens 
ieleiment, use is made of a mold or of two nitilds; with the mner isurface of such a mold being 
a negative of the desired lens surface. Known materials for these types of lenses are ■ 
Polymethyl Methacrylat^ (PMMA) or Polycarbonate (PC). The forrriatidn of aspherical lens 

10 * surfaces in "synthetic material has the advantage that a cumbersome 'grinding aiid polishing 
process, as would be required for a glass lens element, can be dispensed with. 

' ' Lens elements having a synthetic material layer or entirely consisting of a 
synthetic material are, however, sensitive to temperature variations. Particularly the change 
of the refractive index of the synthetic material occurring 'at a temperature change causes a 

15 chiahge 6f the optical behiavidr of the leris element. Moreover, the temperature change- niay 
also result in a change of the' shape of the elernent. At the same teiiiperatuire cHahge," the 
chaiige of the refractive index has^ considerably jgreater influence on the optical behavior 
ithM a change of the shape: The variatioiis of the optical behavior of the objective systetn, 
occurring at temperature variations and rfesulting in spherical aberrations, particularly occur 

20 in systems having a large numerical aperture, such' as the above-described -scanning device ■ 
which may have an NA of 0.85. ' 

To considerably f educe the temperature effects^ 
compensator, as shown in Fig.^ 3, is arranged in the radiation path preceding the objective 
sysierh. This compensator 40 consists of a first- planoconvex, lens element 41 and a second, 

25 planoconcave, lens element 42. These lens elements essentially have the same fefrafctive 
index it the design temperisiture, TdFex ample 20° C so that there is ho refractive index 
difference at this temperature for the fadiatibii beam 14 at the curved interface 43 between 
the first and the second element. Sirice^tfie out^^ surfaces 44 arid 45 of the compensator 40 
are flat, this compensator has no optical- strefhgth at the design temperature, i.e.' the parallel 

30 beam 14 entering the coniperisatdr 'leaves' this compensator as a parallel beam 14' . 

However, the refractive mSic^s n of the materials of the elements 41 and 
42 do have a different temperature dependence dri/dT. At a temperature which^ deviates 
enough from the design tempetaturej^th'e feff-active indices of the elements 41 and 42 -will 
therefore be different. Then, the radiation beam 14 has a refractive index difference at the 
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inierfaee 43 and since this, interface is curved, it will act ?is a refractive lens surface:. The 
eonnpensatpr then has a small.optical strength and jenders the beam sli^^^^ converging or 
diverging, dependent on the temperature change. By-v choosing a suitable shape for the 
■ interface 43, the temperature dependence of the. pbjectiye system 10 can be compensated by 
5 way of the teniperature-dependent .optical strength prthe cpm^^ so that the total 

;System 40, :10JS;np longer te 

J : : The material of pne of.the elements 41, 42 is preferably glass and that of 

the other element is a synthetic material. .Since the refractive index of glass is substantially 
- independent of the tem^ the choice of the isynthetic material is made easier. In fact, 

10 allTefractive indices of the suitable synthetic materials haye a temperature dependence which 
is different from that of glass, so that the requkement to be imposed on the syndietic , 
material is only that the refractive index of this material at the design temperamre should be 
equal as much as possible to that of the. glass. 

In an embodiment of the scanning deyice accprding to the invention, the 
15 V ;glass elemem from the glass of the type number BAK4, whose refractive index is, 

1.566 at a wavelength of 650 nm, while the synthetic material elenient consists of the afore- 
wmentipned material Diacryl from tiie fimi of Akzo, and has a refractive index 1.565 at the 
/design temperature. In this embodiment, the NA of the objective system is. equal to 0.85 and 
the radius of curvature of the spherical interface 43 is equal to -2.925 nm.. The temperamre 
20 tolerances of this device are a factor of 6 . better dian those of a device without the, 
temperamre compensator. 

If changes of the shape in the objective system, such as changes of the 
^curyatures.of the surfaces or the thickness of the.lens elements, also affect the optical 
r.. , behavior of the objective. system, these changes can be compensated by adapting the 
25 curvature of the interface 43. . 

^ The embodiment of Fig. 3 . is provided with a collimator lens 9 in order 

n that . the jbeam 14 and, at the deisign tempersiturev. also, the beam, 14V are parallel .beams. If the 
: objectiyeMsystem 10 is designed in such a.^vay that Jt can fqcus a di^^ to. the 

i v desired scanning spot 18, the collimatorjl^n? ?: dispensed with. 

30 The dnventjqn may also be used in a scanning d^ 

numerical aperture of less than 0.85 and in which temperature effects occur. The objective 
system of such a device may consist of the objective lens 12 only which may consist of a 
single, for example bi-aspherical, lens element or of a plurality of lens elements. 

In a scanning device in which wavelength changes may occur, as in a 
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device used in an apparatus with which information can be both wrinen into and fead from a 
record carrier, the axial position of the focus of the scanning beam may be offset with 
respect to the information plane due to the dispersion of the materials of the objective 
system, so that the scanning spot on the information plane becomes too large and crosstalk 
5 may occur between adjacent information tracks and successive information areas. To render 
the scanning deVice insehsitive-tb wavelet refractive indice^ at 

the design wavelength are^eiqual but 'Have wavelength dependence'dn/dX may be 

chosen for the elements 41 ^and 42 of the'compensatof 40. Then, the coihperisatbr Has- no 
optical strength at the' design wavelerig&i;' because there is no refractive index "difference at 

10 the interface 43 and the outer surfaces of the compensator are flat. At a wavelength which 
deviates enough from the design waverehgth, -a refractive index difference dde^ occtir 
curved interface 43 so that this ihterface has a lehs a'ctidri: The compehsatof then has a small 
opticarstrength arid rbnders the beam 14' slightly converging or diverging; depend erit on the 
wavelength change. The wavelength dependence of the objective system can be compensated 

15 ' by' means of the wavelength-dependent dpticar strength of the coinpensator, so that the t6tal 
system 40, 10 is no longer wavelehgtti-dependeht. 

The invention has been described with reference to its use in an 'apparams 
for reading and/or writing information in an optical record carrier but it is not limited 
thereto. The invention may be used wherever scanning must' take plaice at a high resolution, 

20 i.e. with a small scanning spot. Examples are scanning Optical microscopes having a Very 
high resolution or optical inspection apparatuses having a high resolving power for various 

uses. ■ " " " - ■ ' ■ 
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CLAIMS: 



1 . An opticaL fJe^ic^-far optically scamjiing.an mfpm P^^^» conipi'ising 

,a radiation source for supplying. a scanning beam, and ^an; Qb|^^^ focusing the 

scanning beam to a scanning spot on .die inforniation plane, .characterized Jn that a , , 
temperature compensator -comprising a cemented, doublet, of a planoconvex first element and 
5 a planpconcaye second eknientjs .airanged between the ra source and the objective 

system, the convex surface of the first element, being ..ar^ the; concave surface of 

the second element, and the refractive .indices, of ^t^^ and the second element being,, 
substantially equal at the design temperature but having a different temperature dependence. 

10 2. , . Aur optical device as claimed in claim 1,^^ 

elements of the compensator consists of glass and the oilier . elenient , consists of a 
. synthetic material. . ; 

3. . An opticalpd^ said glass is 
15 BAK4 and. said synthetic m^^ . 

4. An optical device as claimed in claim 1, 2 or 3, characterized in that the 
objective system comprises an objective lens and a planoconvex lens, the objective lens being 
situated on the object side and the planoconvex lens being simated on the image side, the 

20 convex surface of the planoconvex lens facing the objective lens. 

5. An optical device as claimed in claim 1, 2, 3 or 4, characterized in that 
the elements of the compensator have different Abbe numbers. 

25 6. An optical device as claimed in any one of claims 1-5, characterized in 

that a collimator lens is arranged between the radiation source and the compensator. 

7. An apparatus for reading and/or writing information in an information 

plane of an optical record carrier and comprising an optical device for forming a scanning 
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spot on the information plane, a radiation7sensiiive detection system for converting radiation 
from the information plane into electric signals, and means for moving the scanning spot and 
the information plane with respect to each other, characterized in that the optical device is a 
device as claimed in any one of the preceding claims. 
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